The first [1] was an introduction to the theoretical concepts that underpin the significance, construction and use of reference intervals. Here consideration is given to the more practical issues of transferring an established reference interval and validating the adoption of an established reference interval. Establishing reference intervals from scratch is an enormous undertaking that could not reasonably be expected to be within the remit of most clinical laboratories. A recently published US survey of 163 clinical laboratories [5] , conducted under the auspices of the Q-probe study program of the College of American Pathologists [6] , provides some answers and raises some concerns.
The q-probe study of reference intervals
The 163 clinical laboratories participating in this survey of reference interval policy and practice are representative of laboratories throughout the US hospital system (including large and small, teaching and non-teaching and city, suburban, rural location).
Participating laboratories were asked to supply their adult and pediatric reference intervals (low and high limits) for four common clinical chemistry parameters (potassium, calcium, magnesium and TSH) and three equally common hematological parameters (hemoglobin, platelet count and activated partial thromboplastin time).
They were also asked when and how these reference intervals were arrived at, how long since they were last reviewed and the measuring platform for each analyte. Approximately two thirds of the laboratories reported that they had revalidated their reference intervals in Page 3 Article downloaded from acutecaretesting.org Chris Higgins: Reference intervals (2) -some practical considerations the year that a new analyzer was purchased, but some laboratories reported no validation of reference intervals in the previous 10 years, and in one case there had been no validation for at least 22 years.
A "number of institutions" reported that they did not know the year their reference intervals were established or when they were last revalidated.
Analysis of the submitted reference intervals (Table   1 ) revealed that for most (80 %) laboratories there was "only slight" variation in reference interval limits.
However, among the remaining 20 % of laboratories, for which more substantial variation was evident, there were some with "surprisingly low and high limits" for their reference intervals.
For example, in the case of potassium the majority of laboratories had a lower limit close to the median value 
Transferring existing reference intervals
The guideline advice relating to transferring existing reference intervals is applicable in the situation where a laboratory is changing the analytical method for a particular analyte. The laboratory has an acceptable reference interval for the old method and needs to know if that reference interval is applicable to the new method.
The guideline for transferring reference intervals is based on the notion that the two most important variables Since the test population is unchanged in the scenario outlined above, the only consideration for transference of the reference interval is comparability of the two analytical methodologies. When implementing a new method, it is normal laboratory practice to perform a method comparison study in which the same fresh patient samples are measured by both methods.
If the study shows that the two assays are completely comparable across the measuring range (good correlation and no bias), then the reference interval can be adopted unchanged.
Alternatively, if the study shows good correlation but a proportional negative or positive bias between the two methods, it may be acceptable to use the regression equation generated by the study to "correct" the reference interval to take account of this systematic bias.
The guidelines provide the following example of the way this is applied:
The results of a comparison study of methods x (old method) and y (new method to be adopted) across a concentration range of 50-250 give the best-fit linear regression line: y = 1.57x -0.832 correlation coefficient r2 = 0.990
The established reference interval for method x is 50-150.
Since there is excellent correlation but proportional bias between the two methods, the "corrected" reference interval for method y can be calculated thus: The reference interval to be adopted for the new method y is 78-235.
Essentially it is acceptable to simply transfer an existing reference interval so long as the population being tested is the same, preanalytical procedures are unchanged and comparability of the two methods has been demonstrated by an acceptably conducted method comparison study.
A minimum of 40 patient samples should be tested and they should be selected so that full concentration range in health and disease is represented. The detail of conducting an acceptable method comparison study is contained in a separate CLSI document EP09 [7] .
The obvious advantage of the transferring protocol is that it does not require analysis of samples from reference individuals. However, it has limited application because it only applies if the reference interval in question has been in use at that particular institution.
Furthermore, a level of judgment is required to make the decision about whether or not the two methods agree sufficiently for them to share the same reference interval. In cases where there is some doubt, the guidelines suggest that validation of the reference interval is indicated.
Validating an established reference interval As before, if no more than two of 20 reference values fall outside the reference interval, it is appropriate for the laboratory to adopt the reference interval.
However, if once again three or more values fall outside the reference interval, it is an indication that the population served by the laboratory differs significantly from that used to prepare the reference interval, and it might therefore be inappropriate to adopt the reference interval.
The lack of agreement might alternatively be due to unrecognized differences in preanalytical/analytical procedures and this possibility should be reviewed and, if confirmed, corrected.
If after full investigation and further validation study the problem remains unresolved, guidelines suggest that the laboratory should consider establishing its own reference interval.
Summary
The topic of reference intervals seemed for many years to be the sole preserve of an expert clique(s) within the laboratory community, and the generality of clinical laboratory staff, whilst appreciating its importance, viewed it as a rather arcane subject, perhaps best left to the experts.
Regulatory authorities now demand that more laboratory staff engage with the topic in a proactive way.
It is no longer acceptable laboratory practice, if indeed it ever was, to simply adopt a published reference interval without careful consideration (due diligence in modern, post-credit crunch, parlance). 
